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(54) Pneumatic tyre 

(57) A pneumatic tyre (1) comprising a carcass (6) 
extending around the tyre (1 ) from bead (7) to bead (7), 
sidewalls (4) and a rubber tread region (2) which has a 
profile when considered in transverse cross section of 
a new tyre terminating the sides of the tread in inner and 
outer shoulder regions (5) respectively, each said shoul- 
der region (5) having a shoulder drop (a,b) t which is the 
distance in the radially inward direction from the point ol 
maximum tyre diameter (M) to a shoulder point (P) at 
the edge of the shoulder region (5), characterised in that 
when the tyre (1 ) is mounted on a scheduled wheelrim 
and inflated to a scheduled pressure, the tread region 
(2) is asymmetric having its said point of maximum tyre 
diameter (M) offset in the axial direction of the tyre from 
the centre line (CL) of the tyre section in the direction of 
the inner shoulder (5i), and the shoulder drop (a) of the 
outer shoulder (5o) is greater than the shoulder drop (b) 
of the inner shoulder (5i) such that the tread region (2) 
has an asymmetrical profile. 
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Description 

This invention relates to a pneumatic tyre for passenger car and light truck use and in particular to the tread profile 
of such tyres. It is particularly uselul for radial tyres but not limited to these. 
5 Conventionally tyres have a symmetrical tread profile when considered in cross-section to show the curvature in 

the radial plane. Such a profile, however is not optimised for the generation of the cornering forces necessary for 
vehicle handling. 

Proposals have been made to use different tread compounds at either side of the tyre for improved wet grip and 
for different tread pattern groove layouts at either side of the tread both of which provide some asymmetry. The latter 
to also gives increased pattern density on the outside half of the tyre to improve cornering when that part of the tyre is 
carrying most of the cornering forces but there is a reduction in wet grip due to poorer drainage. 

Conventional tyres use dual radii tread profiles. The central region of the tread has one large radius and the shoul- 
ders have a second substantially smaller radius. This is to provide a wider flatter tread with a more uniform contact 
patch to the road. 

'5 Japanese Patent publication 3271003 proposed an asymmetrical profile shape in which the outer part of the tread 

of the tyre, when fitted to a vehicle, has a smaller radius than the inner part to allegedly improve wet grip. 

US 4763708 proposed that the transverse sectional plane has a maximum outer diameter point spaced axially 
from the central plane of the tread and the radius of curvature of the narrower side is greater than the other side to 
improve the resistance to abrasion of the shoulder regions. 
20 u has also been proposed to stiffen the inboard sidewall of the tyre so that more load is carried by that sidewall to 

offset some of the load transfer during cornering but the bulk of the material in the stiffened sidewall increases heat 
generation leading to durability problems. 

The above tyres, however, do not optimise contact patch load distribution while cornering and thus lateral grip and 
handling are not optimised and uneven wear occurs. Furthermore for high cornering powers known tyres are very wide 
25 which increases cost and loads to installation problems on vehicles. 

It is an object of the present invention to improve lateral grip and handling properties of a tyre particularly during 
cornering of the vehicle whilst minimising the tyre width. 

According to the present invention, there is provided a pneumatic tyre comprising a carcass extending around the 
tyre from bead to bead, sidewalls and a rubber tread region which has a profile when considered in transverse cross- 
30 section of a new tyre terminating the sides of the tread in inner and outer shoulder regions respectively, each said 
shoulder region having a shoulder drop, which is the distance in the radially inward direction from the point of maximum 
tyre diameter to a shoulder point at the edge of the shoulder region, wherein when the tyre is mounted on a scheduled 
rim and inflated to a scheduled pressure the tread region is asymmetric having its said point of maximum tyre diameter 
offset in the axial direction of the tyre from the centre line of the tyre section in the direction of the inner shoulder edge, 
35 and the shoulder drop of the outer shoulder is greater than the shoulder drop of the inner shoulder such that the tread 
region has an asymmetrical profile. 

By the shoulder point at the edge of the shoulder region is meant the point which is the radially outer edge of the 
shoulder region of the tyre sidewall. For a tyre having a curved shoulder region, typical of modern tyres, this shoulder 
point is found at the intersection of the extension of the line defining the tread surface and the extension of the line 
40 defining the sidewall surface. 

Inner and Outer refer to the two shoulders of the tyre respectively and in use on a vehicle specify the positions of 
each shoulder. 

Preferably the tyre is a radial tyre having a tread region reinforced by a breaker belt. 

The ratio of the shoulder drop ol the outer shoulder to the shoulder drop of the inner shoulder may be greater than 
45 1 .25. Preferably the ratio is in the range of 1 .25 to 5.0. The inner shoulder drop may be in the range of 8 to 14mm and 
the outer shoulder drop may be in the range 1 2 to 22mm. 

The tread profiles on opposite sides of the point of maximum tyre diameter may have different radii of curvature 
and the tread profile on the side of the outer shoulder may have plural radii of curvature. 

To assist in understanding the invention reference is made to the attached drawings wherein: 

so 

Figure 1 is a cross-sectional view taken in a plane passing through the rotational axis of an asymmetrical tyre 
according to the present invention; and 
Figure 2 is a conventional tyre. 

55 The tyres 1,100 shown in Figures 1 and 2 respectively are both P245/50R16 size tyres having a bead diameter 

BD of 403.1mm, and moulded dimensions of maximum section width SW of 274mm and a maximum tyre diameter 
MTD of 650mm. 

The tyres 1 ,100 comprise a carcass 6 extending between two bead regions 7 through sidewalls 4 and a ground 
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contacting tread region 2. Between the axial edges of the tread region 2 and the sidewalls 4 are tyre shoulder regions 5. 

The carcass 5 comprises 2 plies 6i : 6o of radially extending cords which are turned around inextensible bead coils 
8 located one in each bead region 7 from the axial inside to the outside to form ply turn-ups 1 2i.l2o respectively. The 
ply turn-ups 12i and 120 extend to heights of 70mm and 20mm respectively above the bead diameter BD. 
5 In each bead region between the carcass plies 6i ; 6o and the ply turn-ups 12i.12o is disposed a rubber apex 9 of 

hardness 93 Shore A which extends taperingly radially outward from the bead coil 8 and terminates at a position 
between the ends of the ply turn-ups 1 2i, 1 2o. In each bead region between the apex 9 and the radially outer carcass 
ply 6o is disposed a flipper 1 0 comprising textile cords. This extends along the axially inner surface of the apex 8 from 
a position radially inward of the radially outer end of the apex and is wrapped around the bead and terminated on the 
10 axially outer side of the apex 9 at a radial height below that of the end of the ply turn-up 12o. The bead region 7 is 
further provided with a sidewall insert 11 comprising a ply of rubbered steel covered cords laid at 70 s to the radial 
direction extending along the axially outer side of the apex 10 from a radially inward position below the end of the ply 
turn-up 12o radially outward beyond the end of the apex 10 and between the carcass ply 6o and the ply turn-up I2i to 
a position radially inward of the end of the ply turn-up 12i. 
is The ground contacting tread region 2 comprises a tread rubber 13 reinforced by a breaker belt or assembly 3 

disposed radially outward of the carcass 6. The breaker assembly 3 comprises two plies of breaker fabric comprising 
rubber coated steel cords laid parallel to each other and oppositely inclined at an angle of 24° to the circumferential 
direction of the tyre such that the cords of one ply cross the cords of the other ply. The cords of the breaker have 
2+2x0. 25mm structure laid at a density of 23 cords per inch. The breaker assembly 3 extends substantially the whole 
20 width of the ground contacting tread region 2 and the radially inner breaker ply is wider than the radially outer breaker ply. 

In the axially outer regions, the breaker assembly is covered by an edge bandage 14 comprising nylon reinforcing 
cords. This edge bandage extends beyond the edge of the breaker assembly. 

The extreme edges of the breaker assembly 3 are supported by a breaker cushion 15 disposed radially inward of 
the edge of the breaker assembly in the tyre shoulder regions 5. Thus the curvature of the breaker assembly is main- 
25 tained across the entire width. 

In both tyres 1 ,100 of Figures 1 and 2 the profiles of the carcass 6, the sidewalls 4 and the bead regions 7 including 
the positions of the components therein are substantially symmetrical about the axial centreline CL of the tyre which 
lies in the tyre circumferential plane. 

In the conventional tyre 100 of Figure 2 the profile of the tread region is also symmetrical with respect to the axial 
30 centreline CL. Accordingly the maximum tyre diameter MTD is located on the tread outer surface at a point M of 
intersection with the axial centreline CL. and the curvature of the tread surface to either side of the axial centreline CL 
is the same. Accordingly the shoulder drop d, which is defined as the distance in the radial direction between the point 
M on the tread surface of the maximum tyre diameter and the shoulder point P on the radially outer edge of the shoulder 
region 5 at the boundary with the tread region 2, is the same on both sides of the tyre. As previously mentioned in the 
35 case of tyres having rounded shoulders such as those of Figures 1 and 2 the shoulder point P is located at the inter- 
section of the extensions of the lines defining the tread and sidewall surfaces. In the tyre of Figure 2 the shoulder drop 
is 1 4.1 mm when the tyre is mounted on a 1 6" x8" wheelrim and inflated to a pressure of 30psi. 

In contrast to the conventional tyre, the present inventive tyre 1 of Figure 1 has a tread profile which is asymmetrical 
with respect to the axial centreline of the tyre. The present tyre has its maximum tyre diameter MTD at a point M on 
40 the tread surface offset by a distance C from the axial centreline CL of the tyre in the direction of the tyre inner shoulder. 
In the case of the present embodiment the distance C is 33.5mm. Furthermore the curvature of the tread to either side 
of the point M is different. In the present embodiment the tread surface lying to the right of the point M has a single 
curvature R1 whilst the tread surface lying to the left of the point M has a curvature defined by three radii R2, R3, and 
R4. The radii R1 and R2 have a common tangent at the point M. In this embodiment the values of R1-R4 for the 
45 moulded tyre are 360mm, 1 420mm, 350mm and 292.2mm respectively Accordingly the shoulder drop of the present 
asymmetric tyre is different on either side. The shoulder drop b of the inner shoulder@lying nearest to the point M is 
1 1 .3mm whilst the shoulder drop a of the outer shoulder (Spying further Irom the point M is 1 9.8mm when the tyre is 
mounted on a 16" x 8" wheelrim and inflated to a pressure of 30pst. 

Tyres having constructions according to Figures 1 and 2 but having identical tread patterns were tested using a 
50 1 993 model Z28 Camaro high performance passenger vehicle. 

The asymmetric tyre was fitted to all four wheels of the vehicle such that the point M of the maximum tyre diameter 
MTD was nearest the inboard wheel flange, i.e. the larger shoulder drop a (= 1 9.8mm) was towards the outside of the 
wheel. 

The asymmetric and conventional constructions were assessed for ride and handling characteristics and also tread 
55 temperature. Details of these tests and results are shown in Table 1 . The results of the mild handling and ride tests 
are presented in Table 1 as a subjective ranking wherein a higher value represents a better performance. 

The test results presented in Table 1 show that the asymmetric construction improved mild and maximum subjective 
handling and also improved measured lateral acceleration and records lap times. Slightly heavier steering on-centre 
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and quicker response contributed to a more confident feel while driving on the asymmetric tyre. During moderate lane 
changes, the asymmetric tyre exhibited less tendency to slide out. Under maximum handling conditions the asymmetric 
construction provided better 'turn-in', i.e. steering response from maximum deceleration to maximum cornering, and 
better progression at the limit. 

The loaded tyre temperatures were measured immediately after the completion of the lateral acceleration test 
which was carried out by driving the vehicle in a circle on an asphalt surface. The recorded temperature profiles pre- 
sented in Table 1 are for the outside pair of tyres in the lateral acceleration test. The temperature profiles show the 
asymmetric tyre had a more uniform temperature distribution implying that the load is distributed more evenly and the 
tread contact area is being used more efficiently. Furthermore the maximum tyre temperature of the asymmetric tyre 
is reduced by 10'C which would increase the resistance to tread chunking and abrasion under maximum handling 
conditions. 

The cornering characteristics of the present asymmetric tyre compared with the conventional tyre were further 
determined by the measurement of lateral force at various slip angles. This testing was carried out using an MTS 1 
Flat-Trac test machine. The asymmetric tyre was mounted on the test rim such that turning the tyre towards the shoulder 
having the lesser shoulder drop b corresponds to a negative slip angle and positive force direction in standardised 
force and moment terms. Testing was carried out at 25% : 50% and 100% of the scheduled tyre load of 715kg over a 
range of slip angles of -15 to +1 5 degrees. Results of these tests are shown in Table 2. 

The results of Table 2 clearly show that the asymmetric tyre generates more cornering force throughout the entire 
range of negative slip angles, i.e. when the tyre is turning towards the shoulder having the lesser shoulder drop b. In 
the slip angle range of 0 to +3.0 degrees, i.e. when the tyre is turned slightly towards the shoulder having the greater 
shoulder drop : the conventional symmetrical tyre generates slightly more cornering power. This is thought to be due 
to residual cornering force RCF, However as the tyre is turned further in this direction at slip angles of +3.0 and higher 
the asymmetric tyre again shows greater cornering power. 

Accordingly the data presented in Table 2 is in accordance with the vehicle test results of Table 1 . In Table 2 the 
data for 100% load is the nearest representation of a maximum cornering situation in which almost all of the vehicle 
load is on the outside tyres. The negative slip angle results of Table 2 represent the situation when the outside tyres 
are tyres properly orientated to take advantage of the asymmetric effect. The asymmetric tyre has greater cornering 
power and a significantly reduced rate of cornering power bss as slip angle increases beyond the peak. This is manifest 
as higher lateral acceleration and improved breakaway characteristics noted during the maximum handling tests. Fur- 
thermore since it is known that with conventional tyres the rate of cornering power loss as the slip angle is increased 
beyond the peak increases with speed it is the case that with increasing speeds the asymmetric tyre will corner in- 
creasingly better than the conventional tyre with straight-ahead running where slip angles are low and there is little 
load transfer on the tyres the situation is represented by the 50% load results of Table 2. The asymmetric tyre doubles 
the inward force on each side of the vehicle while running straight ahead. This is thought to be the reason for the 
heavier on-centre feel observed in the vehicle handling test. At 1.0 degree of slip angle, the asymmetric tyre on the 
loaded side generates 10% more cornering power which is thought to contribute to the observed off-centre response. 

Whilst the above-described embodiment has a tread profile defined by three radii of curvature on the side of the 
tread having the greater shoulder drop and a single radius of curvature on the opposite side of the point of maximum 
tyre diameter it should be appreciated that other tread profiles are possible within the scope of the invention. For 
example the tread profile may have a single radius of curvature on both sides of the point of maximum tyre diameter 
or may have a plurality of radii on either or both sides. 

Also whilst the above-described embodiment has the ratio of the shoulder drop of the outer tyre shoulder to the 
shoulder drop of the inner tyre shoulder set at a value of 1 .75 ; this ratio may have within the invention any value greater 
than 1 .25 or more preferably in the range of 1 .25 to 5.0 giving the above described advantages. 

TABLE 1 



TIRE 


A 


B 


CONSTRUCTION 


FIGURE 2 


FIGURE 1 


FEATURE 


CONTROL CONVENTIONAL 


EMBODIMENT ASYMMETRICAL PROFILE ' 




PROFILE 




SIZE 


P245/50ZR16 


P245/50ZR16 


MILD HANDLING 






STEERING 


6.3 


6.2 


RESPONSE 




LINEARITY 


6.5 


6.6 
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TABLE 1 (continued) 
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TIRE 


A 


B 


CONSTRUCTION 


FIGURE 2 


FIGURE 1 


FEATURE 


CONTROL CONVENTIONAL 


EMBODIEMENT ASYMMETRICAL PROFILE 








SIZE 


P245/502R16 


. — , 

P245/50ZR16 


MILD HANDLING 






LANE CHANGE 


6.5 


6.7 


COMMENTS 




HEAVIER CENTER FEEL 


RIDE 






HARSHNESS- 


6 


6.1 


LARGE 






HARSHNESS- 


6 


6 


SMALL 






DAMPING 


6 


6 


MAXIMUM 






HANDLING 






LAP TIME (sec) 


43.59 


43.18 


LAP INDEX 


100 


102 


LATERAL ACC L N 


0.85 


0.88 


(9) 






TRANSIENT 


6.5 


6.8 


STABILITY 






rnUbntoolUN 


6.5 


6.6 


COMMENTS 




SUPERIOR RESPONSE PROGRESSION 


L-\-Jr\\Jtl,Lf 1 Int 






TEMP (Deg. C) 






(INBOARD, 






CENTRE, 






OUTBOARD) 






FRONT 


75 , 1 25 . 1 50 


85 125 140 


REAR 


65, 90, 95 


70, 95, 90 


TEST 






CONDITIONS 






VEHICLE 


1993 Z28 CAMARO 


1 993 Z28 CAMARO 


WHEELRIM 


16x8 


16x8 


TIRE INFLATION 


30 PSI ALL 


30 PSI ALL 


PRESSURE 






WEATHER 


CLOUDY 


CLOUDY 


AMBIENT TEMP 


30 


30 


(Deg. C) 
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Claims 

1 . A pneumatic tyre (1 ) comprising a carcass (6) extending around the tyre (1 ) from bead (7) to bead (7), sidewalls 

(4) and a rubber tread region (2) which has a profile when considered in transverse cross section of a new tyre 
5 terminating the sides of the tread in inner and outer shoulder regions (5) respectively, each said shoulder region 

(5) having a shoulder drop (a.b), which is the distance in the radially inward direction from the point of maximum 
tyre diameter (M) to a shoulder point (P) at the edge of the shoulder region (5), characterised in that when the tyre 
(1) is mounted on a scheduled wheelrim and inflated to a scheduled pressure, the tread region (2) is asymmetric 
having its said point of maximum tyre diameter (M) offset in the axial direction of the tyre from the centre line (CL) 

10 of the tyre section in the direction of the inner shoulder (5i) : and the shoulder drop (a) of the outer shoulder (5o) 

is greater than the shoulder drop (b) of the inner shoulder (5i) such that the tread region (2) has an asymmetrical 
profile. 

2. A tyre according to claim 1. characterised in that the tyre has a radial carcass (6) and the tread region (2) is 
'5 reinforced by a breaker belt (3). 

3. A tyre according to either of claims 1 or 2 ; characterised in that the ratio of the shoulder drop (a) of the outer 
shoulder (5o)to the shoulder drop (b) of the inner shoulder (5i) is greater than 1 .25. 

20 4. a tyre according to either of claims 1 or 2, characterised in that the ratio of the shoulder drop (a) of the outer 
shoulder (5o) to the shoulder drop (b) of the inner shoulder (5i) is in the range of 1 .25 to 5.0. 

5. A tyre according to either of claims 1 or 2, characterised in that the ratio of the shoulder drop (a) of the outer 
shoulder (5o) to the shoulder drop (b) of the inner shoulder (5i) is substantially 1.75. 

25 

6. A tyre according to any of claims 1 to 5, characterised in that the shoulder drop (b) of the inner shoulder (5i) is in 
the range 8 to 14mm. 

7. A tyre according to any of claims 1 to 6, characterised in that the shoulder drop (a) of the outer shoulder (5o) is in 
30 the range 1 2 to 22mm. 

8. A tyre according to either of claims 1 or 2, characterised in that the shoulder drop (b) of the inner shoulder (5i) is 
11.3mm and the shoulder drop (a) of the outer shoulder (5o) is 19.8mm. 

35 9. a pneumatic tyre according to any of claims 1 to 8, characterised in that the tread profiles on opposite sides of the 
point of maximum tyre diameter (M) have different radii of curvature. 

10. A pneumatic tyre according to any of claims 1 to 9, characterised in that the tread profile on the side of the point 
of the maximum tyre diameter (M) having the largest shoulder drop (a) is defined by a plurality of radii of curvature 

40 (R2.R3.R4). 

11. A pneumatic tyre according to claim 10, characterised in that the tread profile on the side of the point of maximum 
tyre diameter (M) having the largest shoulder drop (a) is defined by three radii of curvature (R2.R3.R4). 

45 12. A pneumatic tyre according to claim 11 , characterised in that the tread profile on the opposite side of the point of 
maximum tyre diameter has a single radius of curvature (R1). 

13. A pneumatic tyre according to claim 9, characterised in that the radii of curvature (R1 ,R2) on opposite sides of 
and immediately adjacent to the point of maximum tyre diameter (M) have a common tangent at the point of max- 
50 imum tyre diameter (M). 
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(57) A pneumatic tyre (1) comprising a carcass (6) 
extending around the tyre (1 ) from bead (7) to bead (7), 
sidewalls (4) and a rubber tread region (2) which has a 
profile when considered in transverse cross section of 
a new tyre terminating the sides of the tread in inner and 
outer shoulder regions (5) respectively, each said shoul- 
der region (5) having a shoulder drop (a,b), which is the 
distance in the radially inward direction from the point of 
maximum tyre diameter (M) to a shoulder point (P) at 



the edge of the shoulder region (5), characterised in that 
when the tyre (1) is mounted on a scheduled wheelrim 
and inflated to a scheduled pressure, the tread region 
(2) is asymmetric having its said point of maximum tyre 
diameter (M) offset in the axial direction of the tyre from 
the centre line (CL) of the tyre section in the direction of 
the inner shoulder (5i), and the shoulder drop (a) of the 
outer shoulder (5o) is greater than the shoulder drop (b) 
of the inner shoulder (5i) such that the tread region (2) 
has an asymmetrical profile. 



CO 
< 
00 

o 

00 

LO 
LO 

o 
a. 

LU 



OUTBOARD 



INBOARD 




Printed by Jouve, 7500 1 PARIS (FR) 



EP 0 755 808 A3 



*"'° P "° P *" : " , EUROPEAN SEARCH REPORT N ™ te 

1 "** EP 96 30 5351 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation ol document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OP THE 
AT-FUCA MOxN (InLCLt) 


X 
A 
A 
A 

A 

A,D 

| 

i 
t 

! 

i 

i 


GB 2 205 283 A (YOKOHAMA RUBBER CO LTD) 7 
December 1988 

* claims; figures * 

EP 0 256 794 A (BRIDGESTONE CORP) 24 
February 1988 

* claims; figures; table * 

US 5 301 728 A (BROWN JR JACK E ET AL) 12 
April 1994 

* claims; figures * 

PATENT ABSTRACTS OF JAPAN 

vol. 015, no. 468 (M-1184), 27 November 

1991 

& JP 03 200405 A (BRIDGESTONE CORP) , 2 
September 1991, 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 016, no. 087 (M-1217), 3 March 1992 
& JP 03 271003 A (BRIDGESTONE CORP) , 3 
December 1991, 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 016, no. 353 (M-1288), 30 July 1992 
& JP 04 110201 A (YOKOHAMA RUBBER CO 
LTDrTHE), 10 April 1992, 

* abstract * 

DE 36 05 339 A (BRIDGESTONE CORP) 21 
August 1986 

& US 4 763 708 A (TAKAHASHI F. K. ET AL.) 

• 


1-3 
1-9 
1 
1 

1 

10-13 
1 


B60C11/03 
ddULo/Od 


TECHNICAL FIELDS 
SEARCHED (lnt.Cf.6) 


B60C 


The present search report has been drawn op for all claims 


Place el ttarci D*« of caa^lrikm of U» uartfc <m 

THE HAGUE 21 April 1997 Baradat, J-L 


CATEGORY OF CITED DOCUMENTS T : theory or priadptc unifying the toventioo 
„ E : wile* patent document, but published on, or 
X : particularly relevant if taken alone after the tiling date 
Y : particularly relevant if combined with another D : document diwt In the application 
document of the sane category L : document cited for other reasons 
A : technological background 

P ^ * = 



2 



